TEMBbBI BTOPOI'O 3AJIAHUA

Cemunap Nel(
I'EOMETPUA MACC TBEPAOI'O TEJIA

Pucynox 1
MomeHT HHCPUUU TBEPAOro T€J1a OTHOCUTECIIBHO OCH u :

J, = Z:ml.ri2 ,

['ne r, - paccTosTHUE OT i -TOW TOYKH JIO OCH u .

Oprt é(a,B,7) 3anaeTcs HaIPaBISAIOMUMU KOCUHYCAMH:
a=cosZ(x,u),f=cosZ(y,u),y =cos Z(z,u).

J,=Ja’+J P+ .y =20 aff-2J ay-2J By

J, =y m/(y} +z) - 0CeBOIl MOMEHT MHEPIHMH (IPYTHE IO AHATOTHH).

J, =2 .mxy, - ICHTPOOEKHBIH MOMEHT MHEPIUH (IPyTHe IO aHATIOTHN).

EcTecTBeHHO XeaHue 3anucaTh BBIPAKCHHC HauoOoee IIpOCTO.

Jx _ny _Jzz
T -
J,=e |-J, J, —J.|e
-J. —-J J

OTa cUMMETpHUYECcKasi MaTpHlla ONpeessieT TEH30p HHEPLHHU Tea (TeH30p
BTOPOI'O PaHra).

Ecnu nannas Matpuia quaroHaibHas, TO COOTBETCTBYIOIIAsA KBaJpaTHuHas Gopma
U1 MOMEHTa WHEpUUH Oy1eT KAHOHHYECKO.

Ochb Ha3bIBaeTCS TJIABHOM, €CIIH €€ IIEHTPOOEKHBIE MOMEHTHI MHEPILIMU PABHBI

Hy:t0. Harpumep, ock x riaBHast, eciu J,, =J,. =0.

B rnaBHbIX ocaX &,7,¢ 0 J, =J.a’+J, B+, 7 .



[';1aBHBIE OCH — 3TO OCH CUMMETPUH 3JUIUIICOW]1a MHEPUWHU. [ TaBHBIE OCH,
IIOCTPOECHHBIE B LIEHTPE MACC, HA3bIBAKOTCA TNIABHBIMU LIEHTPAIBHBIMU OCSIMH
1503(5]0)007078

J171st TOro 94TOOBI MOCTPOUTD DIUTUIICOU] MHEPIIMH, BO3bMEM HA OCH u TOYKY N Ha

paccTossHUU ON = . Touka N Bce Bpemsi IBIKEHUS OyIeT

1 — €
RO
HaXOAUTHLCS HAa IIOBEPXHOCTH DJIIMIICOMIA MHEPIIMH
J X+ Jyy2 +J.2° - 2J xy=2J xz=2J yz=1
Ecnu Bo3pMeM ocu CUMMCTPHHU 3TOI'O IJUIUIICON A MHCPIHUH, TO ITO 6Y,Z[YT
[JIABHBIE OCH I TaHHOU TOYKH O.

3ajaya MoMCKa IIIABHBIX OCE CBOJMTCS K IMOUCKY YCIOBHOIO SKCTPEMyMa

HKIMHA MeTonaoM Jlarpamxka: J = f(a,,7) IpH YCIOBUU o’ + > +y° =1.
by p p y) Upuy y
(p:Ju(a,,B,y)—/l(a2+ﬂ2+y2—1)

o0 _0p_0p_,_
oa Of Oy

J. =1, =J_ |le] 1 0 0]

X Xy

~J, J, I |I1B|-AJ0 1 oflB]|=0

Xy y

-J. —J. J | 0 0 1|y
Cucrema UMeeT HETPHUBHUATILHOE PEIICHUE €CIIU

det|J - AE|=0.

PackpsbiBas ornipeiesiuTeb, NOJIy4aeM MOJIMHOM TPEThEN CTENEHU. ITOT MOJIUHOM
MMEET TPU ACUCTBUTEIIBHBIX KOPHS, T.K. TEH30P J CHUMMETPUUYECKHM C
JNENCTBUTENBHBIMU KOMIIOHEHTaMU. 3HAYEHUS A, COBIIAJIAIOT C TJIABHBIMHU
MOMEHTAaMH UHEPIIMU B BEIOpAHHOM TOUKe O.

[anee Haxonum «, B,y s A, 4TO AAET HAIPABICHUE TJIABHOU OCHU B Ox)z .
HampaBneHnus riaaBHBIX 0CEM MOYKHO TaKK€ HAWTH U3 YCIOBUS KOJJIMHEAPHOCTHU

BEKTOpPa HOPMAJIU K MIOBEPXHOCTH DJLIMIICOM/IA HHEPIIMHU C PAJUYCOM-BEKTOPOM R

TOUYKH JJUIUIICOU/A, JIeKAIEH Ha TIIaBHOU ocu: gradJ (x,y,z)= AR.

ITpumep.



JonycTuM, HaM W3BECTHBI IVIaBHBIE EHTPAJIbHbBIE OCH &,7,{ U IJIaBHbIE
HEHTPaAJIbHbIE MOMEHTBI HUHEPIUU 4, B,C . O003HaYuM LEHTp Macc - O.
Hy>kHO mOCTpOUTH MaTpHUIly TEH30pa HHEPLHUU B TOUke D(a,b,c) B 0CIX

MapauICIIbHBIX UCXOOHBIM.

é’(
77!
D(a,b,c)
& g
o n
4
(0,0,0) (a,b,O)

Q

Pucynoxk 2

S :zmi(niQ +é?’2)=zmz-((77i _b)2 +(& _0)2):
:Zml.(ni +cfl.)2 —ZmelJ]i —ZCZml.é’i +m(b2 +cz):

mn, =0 mé,=0
=A+ m(b2 + cz)
oy = 2om&in =2 my(&,—a)(n, - D) ZMH bzmdf —ay’ mg,+mab
H_J
u T.O. JJIA leyI‘I/IX MOMCHTOB I/IHepHI/II/I. B UTore:

A+m (b2 +c° ) —mab —mac

b&)
Il

—mab B+m(a2 +cz) —mbc

—mac —mbc C+m(a2 +b2)



MoxHO caenaTb HECKOJIBKO BBIBOJOB:

1. MoMeHT uHepuuu Teaa OTHOCUTEIBHO OCH PAaBEH MOMEHTY UHEPLUU
OTHOCHUTENBHO MapaJUIEIbHON OCH, IPOXOAALIEN YEPE3 LEHTP NHEPLIUU
TeJIa, CIIOKEHHOMY C ITPOM3BEICHUEM MACCHI TeJla Ha KBaJApaT PaCCTOSHUSA
Mexy ocsimu (T. ['toiirenca-1lIteitHepa a1 4acTHOTO ciiydasi, KOrjaa ocCh
napajijiesibHa rJIaBHOM LIEHTPAIBHOM OCH).

2. T'maBHas neHTpalibHAsi OCh MHEPIIUU OCTAETCS TIIaBHOM JIJIs JTF000M CBOEH
TOYKH.

3. T';1aBHBIE OCH MHEPUUH JIS TOUCK, JIEKAIIUX HA TJIABHOM LIEHTPAJIbHOU OCH,
napajuiesIbHbl [1aBHBIM LEHTPAJIbHBIM OCAM UHEPLUU.

4. Ocp, neprneHIuKyIsIpHas IIIOCKOCTH, COAECPIKAILEH JIBE TJIABHBIE
LEHTPAIBHBIE OCH, SBJISCTCS TJIABHOU JUUIS TOUKH [IEPECEYEHHUS ITOM OCH C
IIJIOCKOCTBIO.

5. nst ToYek MIacTUHBI MPEHEOPEKUMO MaAJIOK TOJIIIUHBI MOMEHTHI HHEPLIMH

CBS3aHbl PABEHCTBOM J, +J, =J,, TI€ OCb Of NCPICHAUKYIIAPHA IIJIOCKOCTU

TUTACTHHBI (1 IPOCTPAHCTBEHHON (DUTYpPHI CyMMa MOMEHTOB WHEPITUU
OTHOCHUTEJILHO JIBYX OCEW MHEPIUHU Bceraa 00Jbllie MOMEHTA HHEPIUU

OTHOCHUTEJIBHO TPEThEN, J(: +J,, >J§,J§ +J§ >J,,,J§ +J,7 >J§).

Hanuuue cummeTpun Tenna o0seryaer 3aaady nojcuera MOMeHTa uHepiuu. Eciu
TEJIO UMEET OCh MaTEPUAJIbHON CUMMETPHH, TO 3TA OCh SIBJISIETCS TJIaBHOM
IIEHTPaJIbLHON OCBIO.

[Tpumep. OTHOPOIHBIN TUCK.

1

Pucynok 3
‘—Iepe:«: J'IIO6y}O TOYKY MOXXHO IIPOBCCTHU I''TABHEIC OCH B TPpHU CUCTA.



I — mpoxoauT yepe3 TOUKy M UEHTP, 2 - L IUNIOCKOCTH AUCKA, 3 — OPTOTOHAIBHO |
u?2.

Jiist 1000r0 MpaBUIBHOTO 71— YTOJIbHUKA LEHTPATbHBIN 3JTUIICOUT UHEPLUU —
DJUIAIICOU]T BPALLIEHMUS.

Jiia nro6oro mapa, Ky0a, NpaBUIBHOTO 11— IPaHHUKA HEHTPAJIbHBINA JIJTUIICOU]
uHepuuu — cdepa.

JI71s NeHTpanbHOTO JUIMIICOMAA UHEPLIUU B BUJIE DJIJIMIICOM/IA BPALLEHUS BBEIEM

HAIPABISIOLINE KOCHHYCBI [JIABHOM OCH u (CM. pHC. 2) (cos¢,sing,0).
J,=J.cos’ p+J, sin’ p—2J,, sinpcosy

OyHKIMA OJHOU nepeMeHHOoN. Miem 3kcTpeMyM:

, =0. Haxomgum ¢ .
do
3amaya.

Pucynoxk 4

K,=J,&

@=pi +qj + rk - MPOEKIMS YIIIOBOM CKOPOCTH Ha TJIABHBIE OCH, T.€. Pa3JI0KECHUE
1o 0a3ucy dTUX OCEH.

KO = Ap?+Bq7+Cr/€

A,B,C - 0CEBbIC MOMCHTBI HHEPIIUH.

K,| @, KOrna || OMHOM U3 ITIaBHBIX OCEH.

1 - 1 2 2 2
—a,J,0, =—(Ap +Bq +Cr

2 a*” 0a 2( p q )
JIn60 no teopeme Kenura:

1 1
ngmué +5(Acp2 +B.q° +Ccr2).

N3BectHO: m,d,w, A,B,C,B =C,c . be3 npockaib3bIBaHUS.

Haiitu: T .



IIo 1. Kenwura:
T :lmué +1(Acp2 +B.q" + Ccrz):lma)zal2 +l(Acos2 o +Csin’ O')a)2
2 2 2 2

3amaua. C.11.19.

Pucynok 5
v,m,a,R

1 1
T =—J%* =—(A4p* + Bg* + Cr*
2 0 a 2( p q )

v
0w=—
Rsino

Céné - TIIaBHBIE HEHTPAIbHBIE OCU. [ TaBHBIE OCH ISl TOUKHA O TMOJy4YaeM

IIapajuIeIbHBIM IIEPEHOCOM.

v
p=wcosa =——

Riga
q=0
r=—@sina =——
2
A=B= mR +md* =mR® (i+tg2a]
mR*
C= (B TJIaBHBIX LIEHTPAJIbHBIX OCSIX A+ B=C).

1 1 1 v’ mR* U
T==—(Ap* +Bg* +Cr*)==| mR*| —+te’ax |———+ -
2( P ) 2 & Rtg’a 2 R

MoskHo 05110 110 T. Kenura.

R’ R’
A.-=B.= mT ,Co = ne IToCKOJIBKY OCH KOJUIMHEAPHBI, p,q,r TE XKe.
1 , 1({mR*> U mR* v*
T=—mv +— —+ —
2 2 4 Rtga 2 R



CEMMHAP Nel1
JNBUKEHUE TEJA C OJJHOH HENNOABUKHON TOYKOH — YNCTOE

BPAIIIEHUE
dk o) T eHew
=M
dt ¢

K, = Api + Bgj + Crk
B npoexMsax Ha IIaBHBIE OCH.

K N
d % = Api + Bgj +Crk =J & -

OTHOCHUTCIJIbHAA CKOPOCTh KOHIId BCKTOPAa KHHCTHUYICCKOI'O MOMCHTA, HA3bIBAIOT

JIOKaJIbHOM ITPOU3BOIHOM.

di r.-1d . dk

—=|w,i |,—=| o, @,k

@ - yIJIOBas CKOPOCThb TBEPAOIO Tea.

B utore I[MOJIy4HuM:

Tos[a.k,]=M,

- BEKTOpHAas 3alMCh JUHAMUYECKUX YPAaBHEHUN JWIiepa.

d(wd@,) _d(pf+ﬁ+rk)

E= —pl+qj+rk+[ ] pi+¢j +7k

d dt
i J Kk
[c?) K } det|p ¢qg 7r|=
Ap Bg Cr
Ap+(C-B)gr=M,
BG+(4-C)pr=M,| - lunaMuyecKkue ypaBHeHHus Jiiaepa
Cr+ (B A) gp =M,

JIYD oueHb KOMIIAKTHBI, JAKOHUYHHI.
B kakux ocsx 3anuceiBarorcs [[YD? B riiaBHbIX.
OTHOCHUTENBHO KaKUX OCell peanusyercs aBuxenue B JJYI? OTHOCUTENBHO

HETOJBIKHBIX (OTHOCUTENbHO a0comtoTHoi CO).



Onpeoenenue OUHAMUYECKUX PeaKyull

npu 8paujenuu meia 60Kpy2 HenoO8UNCHOU OCU

L

Pucynoxk 6
I[I/IHEIMI/I‘-ICCKI/IG p€aKunun — 3TO I[O6aBKI/I K CTaTUYCCKHUM, BOZHHUKIIIHNEC BCICACTBUC

BpalllCHUS.
[Tpu KakuX yCIOBUSIX 3TH BPEAHbIE PA3pYLIAOLINE PEAKIIMN BOSHUKAIOT?
3anuiemM TeopeMbl 00 U3MEHEHUH UMITYJIbCa U MOMEHTA UMITYJIbCA.

mWC — R — Rakmusl—tbze +chlamuvezricuel + R’Oul—tawwecxue — R’a +Rc:n +R()
| I—|

Ro i[0,R, =M, =My + Mg+ 1
dt [

AXKTUBHBIC CHIIBI: CHJIBI TAXKCCTU, Bpama}omuﬁ MOMCHT H4 T.II., T.C. CHJIbI-
IIPUYXHBL.

[TaccuBHBIE CHIIBI: CUIIbI pCaKknrmn, CUJibl TODCHUA U T.II. — OHH CIICACTBHUA I[GﬁCTBHH
AKTHBHBIX.

Te cuitbl, KOTOPBIE OTYEPKHYTHI CKOOOH ........ , 10 Ha4aJla ¥ BO BpeMsl BPaIllCHHUS
YPaBHOBEIIMBAIOT APYT IPYyra, HO3TOMY
R+ R™ =0

M4+MS =0

Bpamenue pasnomepnoe: o= const = =J,& =0. [TosTomy:

dt




YroObI crcTeMa cuil ObljIa SKBUBAJICHTHA HYJIO, HY>KHO, YTOOBI LIEHTp Macc C ObLI

Ha ocH Bpamenus (7. = 0) 1 0Ch BpallleHus1 ObLIa IIaBHON LEHTPAIBHOM OCHIO

(%] K,). Takyro ocb, Ifie OTCYTCTBYIOT JUHAMHYECKHME PEAKLMHU, HA3BIBAIOT OCbIO

Cc80000H020 8paAUYEHU.

[Tpumep. M.1.105.

A
h
v N y
T———p
x, XN O YN
Pucynox 7

[Hunuaap Bpamaercs. Haiitu 60KoBbIC TaBiICHUS HA MOANSATHUK U ITOITHITHAK ?
Ocb HEenoABMIKHA:

X, +Xy=0=>X,, =-X,

Y, +Y,=0=Y, =-Y,

N
T.e. nMHaAMUYECKHE PEAKLIIMHU IPUBOISTCS K Iape.

[Ipoexuyu yriaoBor CKOPOCTH Ha TJIABHBIE LIEHTPAJIBHBIE OCH £nd

p=0
q=-wsina
r=mcosx

I'maBHBIC HCHTPAJIbHBIC MOMCHTBI HHCPIIUU MUJIMHApPA:
2 2
A=B=m L + C
4 3

B mR*?

2

C




JlnHamMu4ecKre ypaBHEHUs Diiiepa:

2 lZ

C-B)gr=-m| ——— |@’sinacosa =Y, h(-1)=
4 3 M

2 2

YM=ﬂ R——I— ®* sin @ cos
hi 4 3

(A—C)pr:O:XMhI:XM:—XN=0

2 .
Ecmu R= —I, TO A= B=C = UEHTPAIbHBIN JUIUIICOU HHEPLIUU — cepa.

NG

Ecnu sina =0,a =0 = BpallleHuE MPOUCXOIUT BOKPYT TJIABHOW LIEHTPAJIbHOU OCH.

v 9 9
Eciu cosa =0,a = - = BPAIlIEHHE NPOHCXO/IAT BOKPYT IMIABHOH IEHTPATLHOMA OCH.

HpI/I 9THX YCJIIOBHAX HC BOBHUKAIOT TMHAMHUYCCKUC MOMCHTLI CHIIL.

Boszmooicnocmu nocmpoenus pewienuil cucmemsl ypaguenut Jiiepa

z,8,

Pucynok 8

10



3anumeM CUCTEMY YpaBHEHUM Duiiepa.

Jlns aTOro moHano0aTCs yriel Dumnepa (cM. puc. 8):

¥ - yroJ mpereccuu, & - yrojl HyTaliH, ¢ - yroJ COOCTBEHHOTO BPAIICHHS.
G=V+0+5.

Ochb z BbIOpaHa Tak, 4To z || I?O.

Cucrema ypaBHeHHMi JHiepa:

p=YsinOsing+0cosg

g =¥ sinOcosp—0Osing \ — kunemamuueckue _ypasnenus _iinepa
r=%cosf+¢

Ap+(C—B)qr =M,

Bg+ (A -C ) pr=»M, ¢ —Ounamuueckue _ ypasnenus _Jiinepa
Cﬁ+(B—A)rp =M,

Ota cuctemMa MOJIHOCTHIO OMUCKHIBACT ABM)KCHHE TBEPJIOTO TEJIA C HETIOABUKHOM
TouKoif. OHa MOXKET OBITh pellIeHa B KBaApaTypax Il JIF0OOro TBEPIOro Tela IpH
JTHOOBIX HAYATBHBIX YCIOBHUSX TOJIBKO B TPEX CIydasx:

1. Cnyuaii Dinepa;

2. Cayuait Jlarpanxa;

3. Cnyuaii KoBasieBckoii.
Cnyuaii itnepa (M, =0,1.e. K, =const)
PellieHie MOKET ObITh JOBEACHO [0 MUINITHYCCKUX (BYHKIHIL, T.. 10 KBaApaTyp,
JUIA J1I000ro Tea.

B cnyuae Diinepa, ko20a meno obnadaem ounamuyeckou cummempueti (A= B),

meno 6ydem cogepuiamsv pe2yiapHyI0 NPeyeccuro.

Peryasipnasi npeneccusi — Takoe JBUXKEHUE, IPU KOTOPOM TEJIO BpallaeTcs
OTHOCHUTEJILHO OCH JUHAMUYECKON CUMMETpHH (COOCTBEHHOE BpaIlleHNE), KOTopas
B CBOIO OYepe/lb BpallaeTcsi BOKPYT HEMOABMKHON OCH (MPELECCUOHHOE

BpaleHue). Yroia MeXIy OChbI0 COOCTBEHHOT'O BPAIICHHUS U OChIO Mperieccuu (yro

" KBAJIPATYPA — onepanusi Hax0XK/JIeH!s, BBIYUCIEHUS MHTErpaja.
> SJUIMITUYECKUE OYHKIAU — (yHKIMH, CBS3aHHBIE ¢ HHTErPAIAMH, COACPIKAIIMMH KBAAPATHBIE KOPHU U3
MHOTOWIEHOB 3-i Wi 4-ii creneHel (MOSIBIISIOTCS, HAIIp., TP BBIYUCICHUH JUTMHBI TYTH 3JUTUIICA).

11



HYTaI_II/II/I) COXpPaHsACTCs IMOCTOAHHBIM, TAKIKC KaK U YINIOBBIC CKOPOCTH IMPCUCCCUUN

1 COOCTBEHHOT'O BpalllCHUA.

IIapameTpsl peryJ/isipHoOil peneccum:

‘P=&' A-C Ap*+q°
A’ A

Q= r,tgl =

Cr

briBatoT npsimasi u oOpaTHasi Mpereccus.

IIpamas npeyeccus 6ynet, ecnu 4> C.

Pucynok 9

= \/m é+rk = 1,/7 + gﬁ

K, =Ap +qé+Crk

¢ =gk

Obpamuas npeyeccus 6ynet, ecnm A< C.

¢

Pucynox 10
JluHamudecKkass CMMMETPHS Tella — HEOOXO0IUMOE U JJOCTATOUYHOE YCIOBUE IS

peryJsipHOi Mpeneccuu B ciaydae Diinepa.

12



[Ipumep.

Pucynoxk 11
JIMCK moJTy4rs1 B HEKOTOPBIM MOMEHT @ MOJ yIiIoM ¢ . Onucars JajnbHeuIee

JIBYKEHUE.
M, =0= cnyuaii Diinepa.

2
= OyJer peryispHas

C
Teno AMHaMUYECKH CUMMETPUYHO: E) =A=B=

npereccus.

P +q’ =wcosa

r=wsina

K = A*0? cos? a + 4420 sin a = Awv/1+3sin’
. K X

b =g=a)\/1+3sm2 o

. A-C
¢ A

r=—wsina

Oo6parnas npeneccust, T.K. C> 4.

Ap*+q* _lwcosa 1

tel = = =—ctox
& Cr 2 wsina 2 &

HNurepnperanus Ilyanco.

B ciydae Oiepa, Korna JUHaMU4ECKOM CUMMETPHUH HET, BO3MOKHA
reoMEeTpUYECKasi UHTEpIpETalus IBHKeHUs — uHTepnperauus [lyanco. bynem mis
ONPENICIICHHOCTH CUUTATh, 4YTO A< B<C.

[TpencTaBuM TeNO JUIUIICOMIOM UHEPLMU B HEMOJABMKHON Touke O (cM. puc. 12).

ypaBHeHI/IC SJIJIUIICON A B I''TaBHBIX OCAX:

13



fa,B,y)=4a’ +BB* +Cy*-1=0

)
=

-y
ONL

Pucynoxk 12
HYCTB P - TOYKa EepECEYCHUS DIUIUIICON1a UHEPLIUU C @, @ PAJUYC-BEKTOP K HEHU

Ip.

3aMeTuM, 4TO

0, =[@,7]=0 u 7, = 1d,

T.e. a=Ap,p=Aq,y = Ar, HIOACTABUM:

Ao’ + BB +Cy* —1= 1 (4p’ + B¢’ +Cr*)-1=24"T -1=0, T]1e
yaTeHO: Ap’ +Bq’ +Cr’ =2T.

B wutore:

1
A? =—=const
2T
Hopmanb N K 3JUIMIICOMIY B TOUKE P

N= gradf(a,ﬂ,y) = [%,%,%] = 2/1(Ap,Bq,Cr) =21K, = const

T.e. HanpaBJIE€HKWE HOPMAJIU B TOUKE P IEPECEeUEHUs! YII0BOI CKOPOCTHIO
AILTUTICOUIAa HEU3MEHHO, a MJIOCKOCTh, KacaTesIbHAasl K AJUTUIICOUAY B TOUKE P,
nepeMeniaeTcs napauienbHo cama cede. UToObl moka3aTh, YTO 3Ta MIIOCKOCTh
HEMOJIBM)KHA, BBIYUCIUM OQ OT HEMOJBHKHOM TOUKH O JI0 IIIOCKOCTH:

LK, 4 21T
0Q = (VP,K—OJ =K—(Ap2 +Bq’ + Crz) = const

o [ o

14



["'eomerpuueckas natepnperanus [lyaHnco 3ByuuT u n3odpaxaercs Tak (CM. puc.).
B nauane aBmxeHus: oOpa3yeTcs INOCKOCTh, KacaTelbHas K 3JUTUIICOUTY MHEPLIUH
B TOUKE MEPECEUYEHUS DIUIUIICOUIA HAYAJIBHOU YIIIOBOM CKOPOCTHIO. B
JAJIBHENIIIEM INIOCKOCTh 3aHUMAET HEU3MEHHOE MOJI0KEHHE, a DIUTUIICOU]
WHEPIIMU C HETIOJBMKHBIM IIEHTpOM O KaTaeTcs 1o HeM 0e3 npockaib3biBanus. O

APYTUX ACTAIAX KAaUYCHUA CKA3aTh ITOHATHO HC MOKCM.

15



CEMMHAP Nel2
TEOPUSI TNPOCKOIIUU. CIYUYAM JATPAHKA
OOpatHas 3a1a4a JMHAMUKH — 110 IBUYKEHUIO ONPEACIIUTD CUITY, BBIHYK/IA0I1IEe

BOSI[GFICTBHG, BBI3bIBAIOIICC 5TO JBHKCHHC.

A=B

Y = const -~ O _ 49

‘ =M, :C[‘P,(ﬁ}(l+uicosﬁj
@ = const C ¢

0 = const

Tounas popmyna THPOCKOIAN, OTIPEIEISIIONIAs MOMEHT CHJI, BRI3BIBAFOIIIHIA
BBIHYKJECHHYIO PETYJIIPHYIO NPELECCUIO.
IIpy JOMOIHUTENLHOM YCIOBHH: 6, =0 3TO PABEHCTBO TAKXKE M JOCTATOYHOE

yCIIOBHE PETYIspHOi nperieccuu. [Ipu 6, # 0 peryaspHoOii nperneccuu ObITh He

MOJKET.
3ajauga.
N
R
/ D
—
N
v

Pucynoxk 13

C,A4,4,m,CD=b, 1€ A4 - MOMEHT HHECPIIUU PAMKH.

OHpeI[eJII/ITb JaBJICHUC HA ITOAINIMITHHUKH, 06YCJ'IOBJ'IGHHOG THUPOCKOIIMICCKHUM

MOMEHTOM. YTJIOBasi CKOPOCTh COOCTBEHHOT'O BpAIIeHUs ¢ =2zn . [ Hpockon

COBCPIIACT MPCHCCCHUIO 3a CUCT MO ) ILGI‘/JICTByI-OHICFO Ha HCT'O CO CTOPOHBI
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NOAIIMITHUKOB OCHOBAaHUs KpeIuleHUs rupockona. Cam ke THpOCKOII IEUCTBYET Ha
OCHOBAHHUE C MOMEHTOM M ' =—M,, KOTOPbIH Ha3bIBAET TUPOCKOITMYECKHM
MOMEHTOM. Ha paMKy A€iCTBYIOT mapsl CUJl B IOAIIUIIHUKAX 4 U B, U B

noamwmnHukax C u D. [Ipruem, Tak Kak pamka OBOPaYMBaTLCS BOKPYT

BEPTUKAIBHOM OCH HE MOXKET, TO:

MAB =M" :_MCD :_MO
Hcnonp3ys TOUHYI0 POpMYITy THPOCKOHH, TOTYUUM: {9 = %}

M, =22nC¥ = Nb

3aKOH COXPAHEHUS DJHEPIUU:

Tl_To :HO_Hl

-2 2 2 U2 -2
C<0—+AlP—+AI\P—+lmR2\P—+lm(R‘P)2 ¢ |=mgh
2 2 2 2 2 2 2

¥ I 2mgh

\/A+A1 +;mR2

JluHamMuyeckre peakiiuu MOXHO Obu1o HaTH uepes Y O:

p:‘i’,q=0,r:(0

Bq+(A—C)pr:M,]

AV +(A-C)Vp=—-Nb
CY¥¢@=Nb

CIIVYAU JIATPAHXKA

Imo osudicenHue OUHAMULECKU CUMMEMPULHO20 MEepA020 meia ¢ 0OHOU
HenooBUINCHOU MOYKOU 8 NOJle MAACECMU, NPUYEM YEeHMP MACC He cO8naoaem c
HEenoo0BUMCHOU MOYKOU.

M0¢6.
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PerynsapHas npeneccust He Bceraa B citydae Jlarpanxa.

z 12 é,
¥
mg
0
Pucynok 14

[lenTp Macc, octaBasch Ha cpepe paauyca 7., OyJeT IBUTaThCA MEXKIY JBYMs
napajuieiiiMi, COOTBETCTBYIOIIIUMU 6 . U 6 - HyTAIITHOHHOE IBHKEHHE

TBeporo Tena. JlanHoe ABMKEHUE UMeeT KonebaTenbHbIi Xapakrep. Tpaekropus
[EHTpa Macc UMeeT BUJI chepruueckoit IUKIOU Ibl. BpeMst IBUKEHUS OT OTHOM

napaJuleNy K pyroil 0CTaeTCsl HOCTOSHHBIM (1, =1,,).

Ecnu mbl Hatw 6° = f(60), 10 6, ¥ 0, HAXOMUM M3 YCIOBHSL 0 =0, T.¢. U3

X

ypaBHeHus f(60)=0.

[lenTp Macc Ha MOBEpXHOCTH c(ephl paauyca 7.

Pucynoxk 15
Ceprueckas HMKIOUIA B TPEX Cayyasx (IPUMEPHBIN PUCYHOK).

Kozcoa 0. =0_. , 6yoem BbIHYA/JAeHHAsl peryJisipHasi Mpeneccus.

KauecTBeHHOE uccie10BaHue IBUKEHUA B citydae Jlarpanixa MOKeT ObITh
IMPOBCACHO C IIOMOIIBIO I/IHTGI‘paJ'IOB3 JABHUXCHUA. T.k. ABUIKCHUC PCATIN3YCTCA B
I1OJIC TAKECTHU, TO UMCCT MECTO MHTCTPAJI S9HCPIrUU:

T +11 = const

N

1 1
—A(p*+q¢°)+=Cr’ +Plcos@=h,|,
AP +a7 )+ :

rae [ - PAaCCTOAHUC OT HCHTPA TAXKCCTHU N0 HCHOI[BPI)KHOIZ TOYKH.

3 Hemeﬁ HUHTErpajl ABUKCHUS — (byHKIII/IH oT 0606HICHHLIX KOOpAUHAT U BPEMEHU, KOTOpAas Mpu NOACTAaHOBKE B
Hee 1100010 peUIiCHUs CUCTCMbI ypaBHCHI/Iﬁ JABWIKCHUSA, COXPAHACT KaK (l)yHKHI/ISI BPEMCHH CBOC 3HAYCHMUC.

18



[Tockonbky M_ =0, TO

K :Izoizconst
¥

z

TpeTtuit uaTErpan nojgyvaercs u3 Tperbero Y O:

Cr+(B-A)gp=M, = Ci=0=
——

=0 =0

r = const

B urore B ciyuae Jlarpanya nuMeem TpU NEPBBIX UHTETPaAJla JBUKECHHUS.

Ocp npeueccun B citydae Jlarpanka TOJIBKO BEPTUKAIIb z .

[?6,13] = C[‘i’,(ﬂ(br C;Aicosé’j

@
3amaua. C.11.80.

JIBr>keHue — peryisipHas Ipeneccus.

¥ =2
9¢£;¢>>m—gl
2 C

z
O 4¢

¥
mg

0

[Psin@ = C‘P(j)sin0(1+ C;AE_COSQJ
@

. 2 .
(W) (C—4)cos0+¥Cip—mgl =0

o ~C+,]C@* +4mgl (C — A)cos 0
B 2(C—4)cosb

\/1+x:1+§+..., ecim x <1



corcol1s 2mgl(C ‘A)cose
. Co
Y = =
2(C—4)cosd

mgl

Co’
___Co
(C—A4)cosd
[lepBblli ciydail COOTBETCTBYET MEIJIEHHOM ITPELIECCUU U HE 3aBUCUT OT yIJja
HyTauuu. Bropoii ciayuail — ObICcTpas mpeueccus, UMEET 3aBUCUMOCTb OT & U
JIPYroe HaIlpaBJICHUE BPAIllCHUSI.
3agaua C.11.44.

O ¢

a
W

Of

Pucynox 16
&

K, :\/Az(pz+q2)+C2r2

(p§+q§) =wsina

Ty =wcosa=r

r =const B cily4dae Jlarpanxa.

Hcnoib3yeM nepBblid HHTErpal SHEPTUU:

EA(pz +qz)+§cr2 =mg (I cos 6, —lcos@)+5A(p02 +CI§)+§CV02

2mgl(cos 6, —cos@)+A(p§ +q§)
A
K,= \/2Amgl(cos 0, —cos¢9)+A(p§ +q§)+Cr02

2

prq=

OJIEMEHTAPHAS TEOPUSA 'MPOCKOITA

Eciu ¢>> W, To MOXKHO ITPUMEHHUTD 3JIEMEHTAPHYIO TEOPHIO THPOCKOTIA.

U Tounas popmyiia rupOCKONUNA UMEET MPUOIMKEHHYIO (OpMY, TPOCTYIO:

20



M, = C[\if,(;]

I?O =A\/p2+qzé+Crl€
d=+p*+q e+rk

¢ =k

B CUiy Q> ¥ ,» MOJKHO CHUTATb, YTO 9TH BCKTOPbLI COHAIIPABJICHEBI 110 OCHU

CUMMCTPHH.

Pucynok 17

ITo ITOBCACHUIO KO MOXEM CYIUTHb O MOBEACHUHU OCH CUMMCTPHHU.

ik,

o =M, Wi |5, =M,

[Tocnenutoro hopmyiy Ha3bsiBatOT hopmysoit Pe3ans as anemeHTapHOTo
rupockomna. Ee MOXHO HHTEPIIPETHPOBATH CIAEAYIOIUM 00Pa30M.

ITycTh K - TOYKA OCH, COBIAIAOIIAS C KOHIIOM BEKTOpA K,,, TOIa €€ CKOPOCTh

paBHa M, .

Takum 006pa3om, CKOPOCTH KOHIIA BEKTOPA KHHETUYECKOTO MOMEHTA, a 3HAYHT, U
CKOPOCTh TOYKH K OCH THPOCKOIIA, paBHA MO BEIMYMHE U HATIPABICHUIO TJIABHOMY
MOMEHTY BHEIITHUX CHUJI OTHOCUTEIIBHO HEMOABMYKHOU TOYKH.

MO>XHO OTMETHUTH CIIEYIONTUE TUPOCKOTUYECKUE I (DEKTHI:

1. Ecmu Ha och TUPOCKOIIa HAYHECT JICCTBOBATH CHjia, TO OChb OTKJIOHHUTCA HEC B

HaIpaBJICHUHA I[€I>'ICTBI/I$I CWJIbI, 4 B HAIIpaBJICHUHX MOMCHTA A_/]O ATOM CHUJIbI

OTHOCHUTCIIBHO HGHOHBH)KHOﬁ TOYKH.
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2. be3pIHEPIMOHHOCTH ABMKEHHS OCH THPOCKOIIA: C MPEKPAIEHUEM IECHCTBUS

CHJIBI, M, 9TOM CHIIBI MTHOBEHHO 00paInaercs B HyJb. CJIe10BaTENbHO,
U, =0, T.€. C IIPEKPAIECHUEM JEHCTBHS CHIIbI JBHKEHHE OCH TUPOCKOIIA

MMPCKpamacTCsa MIrHOBCHHO.

CEMMUMHAP Nel3
YPABHEHMUA JIAT'PAHKA
CrniepBa npoIOJKEHUE TEMBL: ciaydan Jlarpanxa.
Wrak, panee Mbl 3anucheiBasid (GOpMyITy A1 MOMEHTA CHJI, KOTOPBIN
MOAJIEPKUBAET PETYISAPHYIO MIPELECCHUIO C 3aJaHHBIMU ITapaMeTpaMu IS Tena,
o0nagaroniero AMHaAMU4YeCKoi cummeTpueit 4=B = C.
M, = C[‘i’,(ﬂ(ljtgicos@j.

C o
Oty GopMyiy MOKHO IPUMEHSATh TOJIBKO €CJIM 3aBEJOMO U3BECTHO, YTO JBUKECHHE
OyZIeT npeueccueid. ITo BCEro JIMIIb YACTHBIN CIyyall JMHAMUYECKUX YpaBHEHUN
Diinepa, 1 3Ty GOpMyITy Helb3s UCIOIB30BaTh AJIs JIFOOOT0 TBEPJIOTO TEa.

[Tpumep.

4

Pucynok 18
Havitu cuiibl peakiuu B TOUYKax 4 U B . B HayalbHbIA MOMEHT 3aJlaHa @ . TpeHus

B OCAX HET.

22



1) Ecniu Mbl onipeiesiuM, 4TO JBUKEHHUE — PETryJIIpHas NPELecCusi, ONPEACIINM €€

mapaMeTphl, TOM HaiijeM M, .
ECThb NpeAnonoKeHue, uTo I COXPAHSIETCS, T.K. TPEHHS HET.

MomeHT HHEPOHUHN OTHOCUTCIIbHO OCHU BpalllCHMA COXPAHACTCA, CICA0BATCIIBHO,

2

=const = w = const .

SIBsieTcs 11 paBHOMEPHOE BpalllCHUE PETYJISIPHOM Mpeleccueii?
Jla, ecau cuuTarh, 4YTO ¥ = w,¢p=0,0 =« .

Ho MOMEHT cuil He paBeH HYJIIO!

BnobaBoxk, Z > .

S

Jleno B TOM, 4TO MpHU BBIBOJIE (POPMYIIBI UCITOJIH30BAJICS BEKTOP &, =-—.

S

IToaTomy,

MozC[‘i’,(ﬂ 1+C_Aic059 =¥ \p’ﬂ Acos@z—‘i’[‘i’,ég}/lcosé’:
C o @

= —A¥? cos Osin Ge,

M, = A¥’ cos@sin @

N =Mo
A B AB

2) Bropas nmocraHoBKa 3aa4H.

Jlo6aBuM yriioBoe yckopenue & . HepaBHOMepHOE BpallieHUe He SIBISETCS

perynsipHou npeneccuent. [1oaTtoMy nuHamMuyeckrne peakiuum UIeM 4epes

JTUHAMHUYECKHUE YpaBHEHUS Dilnepa.

®—> p,q,r UT.I.

YPABHEHUS JIAI'PAHXA

Yto ecTh MEXaHUYECKas CBS3b?

MexaHuuyeckasi CBSI3b — 3TO OTPAHUYCHUS, HAKJIAJ[bIBAEMbIE HA JIBUKECHHUE
MEXaHUYECKOM CUCTEMBI BCIICICTBUE PACTIPEAECICHUS B POCTPAHCTBE MATEPUH

(Tes ¥ MOBEPXHOCTEN).
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MaremaTuyeckas 3aniuch MEXaHUUECKOUN CBSA3M JUisi N TOYEK BBITJISIUT TaK:
Si(ForversFrsForenns Py ) =0 (*)

Ceasu (*) HazbIBalOTCS yoeporcusarouwumu (AByCTOPOHHUMHU ), €CJIN yCIoBUS ()
UMEIOT BHJI PaBEHCTB (=0) B OTIMYHUE OT Heyoepacusaroujux (OJHOCTOPOHHUX,
0CBOOOXIArOIIHNX) (>0).

Ecnu ypaBHeHue cBsizu (*) HE COACPIKUT BPEMEHHU ¢, CBSI3b HA3bIBACTCS
CMAayUoOHapHoll (CK1epOHOMHOIL), B TIPOTUBHOM CITy4ae HeCmMAayuoHapHoU
(peoHoMmHOU).

CBsi31 Ha3BIBAIOTCSI KOHEYHBIMU (20JIOHOMHBIMU, 2eOMEeMPUeCKUMU), €CITA B

ypaBHeHus (*) He BXOIAT IPOU3BOAHBIE 7. , U Ouhpepenyuanrvrvimu

(Kunemamuyeckumu), €CIM BXOJIAT.

Cy1ecTByeT NpOMEKYTOUYHBIN THIT CBS3€H — oughghepenyuanvhvie unmezpupyemobie
(nony2onionomHble), - ypaBHEHHSI KOTOPBIX €CTh PE3YJIbTAT B3SATHS ITOJTHOU
IIPOU3BOHOM 10 BPEMEHHU ¢ OT KOHEYHOH CBA3U. THUIIMYHBIN IPUMEDP — KAYEHUE
0€3 MPOCKaIIb3bIBAHUS: ¥ — @R =0=x—@R+C=0.

OObI4HO B 337]auax UMEEM JIeJIO C TOJIOHOMHBIMU CBSI3SIMU.

[Tpumep.

Hwmeer 5n cBsA3b TPy3 HA NIPyKUHE?

mx =—kx
X HE MOYKET BXOJIUTh B YPABHEHUE CBS3H, CJIICI0OBATEIbHO, HE CBA3b, & YPABHECHUE

JABHIKCHMUSL.

HezaBucumsbie nepeMeHnHbie 0003HaAYUM

=7 ,t
God {n 7 (¢,1)

N

OJHO3HAYHO OIPCACIIAOINE IBUKCHHUC.
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YucnoM creneHel cBOOOAbI TOJIOHOMHOM CUCTEMBI HA3bIBAIOT YHCIIO
HE3aBUCHUMBIX KOOPJIMHAT, ONPEACIAIONIMX KaXKIyI0 TOUYKY CUCTEMbI OJITHO3HAYHO.
Touka B R® - 3 crenneHr cBOOOIBI.

TBepnoe teno — 6.

Crepxxenb — 5.

Pucynox 19
[Ipumep.

Ha nnockoctu cuctema u3 ABYX CTCp)KHef/'I, COCAMHCHHBIX HIaPHHUPOM.

H

Pucynox 20
OnuH cTepikKeHb — 3 cTeneHu CBOOObI (X, Y, ).

JIBa cTepkHs — 4 CTEIEeHH!.

25



CBs3U MOTYT 3aBHCETh OT BPEMEHU: @ = () - CBA3b. YacTHbIii ci1yyail cBs3u:

w = const . HEeT cMBICIIbI BBOIUTH YT0JI HOBOPOTA TNIOCKOCTH B 0000IIIEHHBIE
KOOPJMHATBHI, TOCKOJIBbKY B JIF000 MOMEHT BpeMEHH 3TOT yroj u3BecteH. Ho eciu

ObI HEe OBIIO U3BECTHO @ = (7), TO Hy’KHa ObL1a ObI €1lle 0/1Ha CTENIEHb CBOOOIBL, 1

JUISI CUCTEMBI U3 JIBYX CTEpXHEHN ObLIO Obl yXkKe MATh 5 cTerneHel CBOOObI.

Tenepsp 3anuiiem camu ypaBHeHust Jlarpanixka.

T(,9.4) - KUHETHYECKas SHEPIUsl.
BBogsitcss mepemenHble JlarpaH:ka — COBOKYNHOCTH IE€PEMEHHBIX: BpeMs 1,
0000w eHHble KOOPOUHAmMbL ¢, , 0000 eHHble CKOPOCMU (. .

[Ipu »s>TOoM moOmpa3ymeBaeTcs, YTO NPOUCXOAUT auddepeHIpoBaHNE TIO
HE3aBUCUMBIM II€peMEHHBIM Jlarpanxa (4acTHbIE IPOU3BOIHBIE 10 HUM).
B npaBoii yactu Tak Ha3pIBacMble 00001EeHHbIe CHIIbI. 11X MOKHO 3anucarh Tak:

. or, _dr,(dg,) 54" (dg,)
= F.—L |= F.,— Y= !
© ;( ”8(1,-] Z( " dg J dq

J i i

54" (dg,) - paboTa Ha BUPTYaJIbHOM HEPEMEILEHUH.
YroOBl HAUTH BUPTYaJIbHYIO pabOTy, HYXKHO 33]aTh IPUPAIICHHE dg, U

IIOCMOTPETH NPHUPAINCHHUE CUCTEMBI IIPHU ¢ = const , IIPU 3aMOPOKCHHOM BpEMECHU
HJIA, KaK T'OBOPAT, IIPpU 3aM0pO}K€HHOﬁ CBs3H. BI/IpTyaJ'IBHOG MepeMCUICHUC, 3TO
MBICJICHHOC IIEPEMCIICHUC, KOTOPOC JOITYCKAIOT 3aMOPOKCHHLBIC CBA3U.

12
603M,

supm.

Pucynoxk 21
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or, " OF,
Bo3MosxHBIE TIEpeMeNeHus: dr, =—~=dt + za—qu[ :
i=1 04

B s v
MPTyalbHbIEC IEPEMEIICHHUS: 57, = Y —dy, .

i=1 i
Pemnm 3atauy Ha ucnonbs3oBaHue ypaBHeHNU! Jlarpanxka. To OIMH U3 BUAOB
3aIliCHU YPABHEHUM ABWXKeHUs. TouHee, ypaBHeHuUs Jlarpanxka — 3T0 METOL
cocTaByieHMs ypaBHeHU. EcTh gaxke Boipaxkenue — popmanusm Jlarpanxa. Ectb
pELENT, CIeays €My, HOJNyYUTE Pe3ybTaT, T.€. YPABHEHHUS.

B ciyqae (¢,.9,.9;)=(x,y,z) ypaBHeHus Jlarpamxa naayT ypaBHeHus HproToHa.

[Ipumep.

.dxf

Pucynoxk 22
y= f(x) - OTa JIUHUA OIIPEACIACT CBA3b. y MOXKHO BBIPpa3UTh UCPE3 x.

TpeHus HeT, HO U3BECTHA CHIA F(F,,F,).

[Topsimok aercTBHi TarpaHkeBa hopMaan3Ma TaKOB:
1. OmpenensieM 4UCIO CTETICHEH CBOOO/IBI.
2. BpiOupaem 00600111eHHBIE KOOPAUHATHI.

3. 3anmceiBaeM ypaBHeHHs Jlarpanxa.
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B namewm npumepe 1 crenens cB000AbI. 32 0000IIEHHYO KOOPAUHATY MOKHO,
HaAIpUMep, B3STh JUIMHY AYTH TPAEKTOPUH, HO ropasio yjnooHee (4

1enecoodOpasHee, MOCKOIbKY €CTh CBS3b y = f(x)) B3STh x.
[Tocuntaem 000OIIEHHYIO CUITY:

(F.dF(dx)) Fdx+Fdy Fdx+F,fldx

Q.= dx dx dx

:EY+Fyf;c,

B o6uiem cirydae Henb3si TpaKTOBaTh 00OOIIEHHYIO CHITY KaK MPOEKIUIO Ha KaKoe-
TO HaNpaBJICHUE, U 3aITUCAHHAs BBIIIC Q, = F, + F f| TOMY TIPHUMED.
3anuilnemM KUHETUYECKYI0 SHEPIHUIO:
my ., ) mi( ., ro\2 m N2\ .2
T=—(x+ :—(x +(fx ):—(1+ )x
2 (54 57) = 2 (1)) =2 14(1)
oT ( 2 .
—=m|1+(f] )x
—=m{1+())

S {1+ (1) ) ) =m(1 (7)) 2mp 2

g

Oox
d oT oT

B ntore —— —= acrT:
dt ox Ox O, 1

m(1+ (1) )&+ mff1 = F+F, f!

MoHO MOJCTaBUTH M00YI0 JIMHUIO ( f (x)=kx, HAIPUMEP) U TOIYYUTh yPABHEHHE
JIBYKEHUS.

Bo mHoOrmx 3aJadax CHUJIbI ABJJIAIOTCA IIOTCHIHAJIbHBIMU.

. oL1(7,....7, 1t
F = _(rlsf’r’v’) (rpaMenT 1o 7).
_ =
J
Torma
L OIT OF ) OIL(qyeqyst
Qi =Z[F},a—jj=—2[af7a_j}=— ( 18 N )
J q; J r, 0q; 4q;

H(ql,...,qN,t)

0
[Tepenecs
aq,

n3 npaBoﬁ qacCTu JIanaH)KGBOfI CUCTCMEI B JICBYIO,

MO>KHO BBeCTH PyHKIuIo Jlarpanxka
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W 3anucaTh ypaBHeHHUs JlarpaHixka yepes3 Hee:

dfoL) oL _ .,
de\og, ) oq =

CrpaBa Tor1a y’Ke He Hy)KHO YYUTBIBATh MTOTCHIIUATIBHBIC CHIIBI B ) .

Ecnu Bce cuiibl NOTEHUUATIbHBIE, TO YJIOOHO 3amucaTh:

dfor)_or__oi
de\ég,) oq,  oq;|

B 3agaunuke Op1BaeT oTBeT B Bujie Jlarpamxkuana. B pemenun xe jxenateiabHO
3aMuChIBaTh U CaMH ypaBHEHUs. PemaTs 3TH ypaBHEeHUs HE 00513aTeIbHO (MIOPoii U
IPOCTO HEBO3MOKHO). Ho BBINIMCAaTh HEOOXOIUMO.

3agaua.

Pucynoxk 23

Katutcst quck 6e3 moanpsIruBanusi, 06e3 npockaib3biBanus. K eHTpy noaBenieH
MAasITHUK.
DTy CUTyalMI0 MOXKHO CPABHUTH C KAUEHUEM JIUCKa 0€3 MPOCKAIb3bIBAHUS 110

TOPHU30HTAIBHOMN IUIOCKOCTH.

>

JIBrKeHue AucKa MOKHO OIUCaTh KOOpJAMHATAM LIEHTpa Macc x,,y. U yIiIoM

OBOpOTAa UCKa ¢ . OIHAKO y. =R, X. = Rp - TOJIOHOMHAs CBS3b, T.C.
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x. =R(p—¢,)+x.. T.e. y mucka Tonpko 1 cremneHb CBOOOIBI.

B 3a1a4€ MMOJIOKCHUC CUCTEMbI «AUCK-CTCPIKCHB» OIPCACIIACTCA 2 KOOpAWHaTaMu

(yrnamu ¢,0).

L=T-T11.
1 » 3 2(R_V)(b2
T, ZEJO% L

Touka B - ueHTp crepxkHa. Toraa no reopeme Kenura:

2
2 2
o M
L )

Pucynox 24
2
2= (R-r) ¢ +1292 +2(R—r)gbé9cos(go—9)

1 HAmUCAaTh JIETKO, €CJIM BRIOPATh KaKOW-TO YPOBEHB 32 HYJICBOM.

1, =—mg(R—-r)cosg
I, =-Mg ((R —r)cosg0+écos Hj

T=T+T

=11, +I1,,
L=T-TI

Jlanee noacrasisieM B ypaBHeHUs Jlarpanxa:
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dt

d(or)_or__odi
dt\oo) 00 00

dfor) or __om
op) op  Op

CEMUHAP Nel4
YPABHEHMUSA JJATPAH/KA B CJIYUAE HEMHEPIIUAJIBHBIX
CUCTEM

[ToBeneHre Kakoro Kjiacca CUCTEM MOJTHOCTBIO OMUCHIBACTCS YPAaBHEHUSIMU
Jlarpanxa?

["'0T0HOMHBIE CUCTEMBI C UJCATHLHBIMU CBI3SIMHU.

['osioHOMHBIE CUCTEMBI — 3TO MEXAHUYECKUE CUCTEMBI, HA KOTOPbIC HAJIOKEHBI
TOJIOHOMHBIE CBSI3H (B TOM YHUCJIE U MOJTYTOJIOHOMHBIE).

N neanbHble CBSI3U — MEXaHUUECKHUE CBSI3U, BUPTYalibHas paboTa peakiuii KOTOPhIX
paBHa HYJII0. DKBUBAJIECHTHOE YCIOBHE — 0000IIEHHAs CHJIa, COOTBETCTBYIOIIAS

pCaKIMU CBSI3U, paBHA HyI10: O, =0.

OKBUBAJCHTHOCTD SIBJISCTCS CJIICACTBUCM HC3aBHUCHUMOCTH 0606I_HGHHBIX

KOOD/MHAT:
54=Y (k67 = 3054, =0
= P

Ecnu cBsi3u HeuseanbHbI, TO B ypaBHEeHHs Jlarpanka BXOASIT 0000IIEHHBIC CHITBI
uX peaknuii. B aToM ciyyae oHUMH ypaBHEHUSMHU HE OOOUTHCH, TOCKOIBKY
BKJIFOYEHHUE B CUCTEMY OJTHOM HEU3BECTHOM JEIAET CUCTEMY HEPA3ZPELIUMOM.
Korpaa nBmxkenne ¢ mpocKkanb3bIBaHUEM, CHJIa TPEHUS OyIeT COBEpIIaTh padoTy,

F,, =N, N MOXHO OIIPENEIUTh U3 TEOPEMBI 00 H3MEHEHHHU UMITYJIbCA HA

HaIIpaBJIECHUE HOPMAJIU.
IIpumepsl, Koraa ypaBHeHus Jlarpanxa NpuMEeHUMBI:

1. AGCONIIOTHO I1aIKUE MOBEPXHOCTH.
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2. HeBecoMble HEPACTS)KUMBIE CTEP/KHH.

3. HeBecomble mapHUphI 0€3 TPEHHUS.

4. AOCONIOTHO 1IEPOXOBAThIE TOBEPXHOCTH.

OO6mmit mopsaok ypaBHeHuii Jlarpanxka Bropoi. C y4eToM n cTeneHeit cBoOO b
nosyuyaeM 2n. Utak ypaBHeHus Jlarpanixka — oObIKHOBEHHbIE 1 epeHnaIbHbIe
ypaBHEHUS MOPSAIKA 27, a HE B YACTHBIX MPOU3BOIHBIX.

VYpasnenus Jlacpansica 6 cnyuae HeuHepyuanbHbix cucmem

3a 00001IeHHBIE KOOPAWHATHI OEPyTCS KOOpAUHATHI B HemHepnuanbHoi CO.
Cnenyet 100aBUTh CHJIBI HHEPIUH, KaK IEPEHOCHBIC, TAK ¥ KOPHOJIUCOBHI.

54, #0, T.K. BAPTYAJIbHbIE IICPEMEILICHUS HE COBIAIAIOT C ICHCTBUTEILHBIMU.

Mo>kHO B35ITh 32 ¢ 0000IIEHHBIC KOOPIUHATHI B HHepHHaibHoi CO, mpu 3TOM HE

OyJleT CUJT MHEPIUU U KHHETUYECKYIO SHEPTHIO CIEAyEeT CUMTATh B a0COIIOTHOM
CO.
[Ipumep.

@ = const

Pucynoxk 25
3anucarhb YpPaBHCHHA HarpamKa JJI1 ABMOKCHUS TOYKH 110 Bpama}omeﬁw{

IIJIOCKOCTU.
n=>2
q={r.p}

B meunepuuansuon CO:
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T =5m1;'2 +Em72¢2
Cuibl MHEPLUU:
F, =ma’r
i j ok

0 0 o
04 = (ma)zr + 2ma)r(b) dr=0.dr

04,=-"2maorrdp=0,dp

d(eT\ or d(er\ or
S5m0, SIS ]-5=0,
dt\ o ) or dt\ o) op

[ToncraBus, mony4vaem:

{mif’ —mrg’ = ma’r +2maory

mr’$+ 2mrig = —2marr

Eciu xe 3anmuceiBath B a0coirrotao CO:

T:%m(f2 +(a)r+r(/'))z)

0,=0,=0

[ToxcraBuB, mony4aem:

mr’ @ —2mair + 2mrig =0

{ mi‘—mr(a)+(/'>)2 =0

[Tony4wmiia TOT K€ pe3yibTar.

[Tpumep.

F,=2m[0,0]=2m|i rg O|=2m(iwr¢—jor)
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> - X
] ’
Pucynok 26
AB=a

Touku 4 U B ckonb3aT 0e3 TpeHus. CoOCTaBUTh YpaBHEHUE JABUKECHUS CTEPIKHS.
[Tepeiinem B HemHepuuanbuyo CO.

OtHOCUTENBLHO TOUKU O ABHIKCHUC 3aITUCBIBACTCA KaK YUCTOC BpAllICHUC!

3anuiieM BUPTyalbHYIO padoTy

SA=-mgdz, + mw’ %asin Odx, = Q,d0
Z, zgcos9:> dz. :—%sinﬁdﬁ

X, =gasin6?:> dx,, =ga cos 0d o
3 3

CnemoBarteiabHO,

0, :%sin@+ma)2 sin@cos@%a

Ecnu ke pemats 3anauy B adbcomntotHoit CO 6e3 Teopembl Kennra He 000HTHUCH:

1 A B C
T=—mv.+—=p°+—q" +—r"
ety P Ty d T

U T.1. D10 puMep, Koraa 1enecoo0pa3Ho pemats B HennepiuaibHoit CO.
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